Purpose 5-Fluorouracil (5-Fu) is used as a conventional chemotherapy drug in chemotherapy for patients with advanced colorectal cancer, but many patients still suffer from treatment failure due to 5-Fu resistance. Emerging observations revealed the important role of chemokine (C-X-C motif) ligand 13 (CXCL-13) in tumor microenvironment and its relationship with prognosis in patients with colorectal cancer. This study is designed to reveal the important role of CXCL-13 in causing colorectal cancer resistance to 5-Fu.
Introduction
According to 2018 global cancer data statistics, colorectal cancer (CRC) is the first cause of cancer-related death, ranking third in terms of incidence [1] . Despite the tremendous progress and numerous efforts in multidisciplinary therapy, survival and quality of life in patients with severe CRC are not optimistic [2] . The currently accepted treatment for CRC is FOLFOX or FOLFIRI treatment regimen consists of 5-fluorouracil (5-Fu)/leucovorin (LV) plus oxaliplatin or irinotecan with or without operative treatment [3] . As the basement of CRC chemotherapy, 5-Fu works by preventing DNA synthesis of CRC cells and inhibiting enzyme activity of thymidylate synthase. However, prolonged use of 5-Fu will cause tumors to be insensitive to drugs, and the patients with recurrent CRC are more likely to develop resistance to the original drug [4] [5] [6] . Therefore, it is urgent to reveal the molecular mechanism leading to drug resistance, which helps to find new prognostic biomarkers and overcome the drug resistance of tumors.
Some scientists have put forward hypothesis about 5-Fu resistance through research, including the abnormal activation of the phosphoinositide 3-kinase (PI3K)-Akt signaling pathway and differential expression of certain cell cycle-associated proteins, miRNAs dysregulated [7] , genes with promoter hypermethylation and concordant expression silencing [8] and so on. At the same time, more and more views support the crucial aspect of cytokines in the process of tumor cell resistance [9] . The strong regulation of cytokines in normal physiological processes and abnormal pathological processes, which more specifically including drug targeting, transport, and metabolic changes, is becoming more and more familiar to us [10, 11] . So, it is difficult for scientists to believe that there is no close relationship between cytokines and tumor resistance.
Chemokine (C-X-C motif) ligand 13 (CXCL-13) is a member of small chemokines (8) (9) (10) kDa) [12] , and it is a chemotactic protein targeting B lymphocytes, while its receptor, CXCR5, 5 Korean Cancer Association This article is protected by copyright. All rights reserved. is expressed in specific T lymphocyte subsets [11] . In addition to the previous discovery that CXCL-13 is usually expressed by lymphoid organs, stromal cells and follicle dendritic cell, it also is secreted by some types of tumor cells, bone marrow endothelial cells, osteoblasts, myofibroblasts and CXCL-13-producing CD4 + follicular helper T cells [13] [14] [15] . So far, anecdotal evidence suggests that CXCL-13 together with CXCR5 might play increasingly vital roles in regulating tumor occurrence, progression, metastasis and prognosis in the microenvironment where the tumor is located [16] [17] [18] [19] . Some recent studies have found that CXCL-13 has a predictive value for the prognosis of patients with CRC [20, 21] . Besides those previous researches, the function of CXCL-13 in the response to CRC to 5-Fu-based chemotherapy and drug resistance remains a big mystery.
In this study, we used a cytokine array to detect cytokines in the conditioned medium (CM) of drug-resistant and non-resistant CRC cells respectively, and we were surprised to find some changes in cytokines. Our results suggest that CXCL-13 contributes to the CRC cells resistant to 5-Fu drugs in vitro. More importantly, this newly found mechanism is confirmed by our clinic evidence: 5-Fu drug-resistant patient was detected with higher level of CXCL-13 and there is a correlation between the higher level of CXCL-13 in the patient's serum and low overall survival (OS) rate or disease-free survival (DFS) rate of CRC patients receiving 5-Fu-based chemotherapy. Furthermore, we verified that the increased expression of CXCL-13 is closely related to the stimulation of 5-Fu by patient-derived xenografts (PDX) model. These findings indicate that CXCL-13 plays an important new role in the progression and chemosensitivity of CRC.
Antibodies and reagents
The recombinant human CXCL-13 was purchased from PeproTech (Rocky Hill, NJ). The antibody for CXCL-13 neutralization was from R&D Systems (Minneapolis, MN). 5-Fu was purchased from Sigma-Aldrich (St. Louis, MO).
Cell culture and chemicals
The CRC cell line DLD-1 and HCT116 were bought from the American Type Culture Collection (Manassas, VA) and cultured respectively in medium of RPMI-1640 (Gibco, Invitrogen, Carlsbad, CA) and Dulbecco's modified Eagle medium with higher glucose levels (Gibco, Invitrogen), containing 10% fetal bovine serum (Gibco, Invitrogen). All cells were cultured in a cell incubator at 37°C and 5% CO2 according to previous experiments. 5-Fu is diluted to a specific concentration by 10% dimethyl sulfoxide (Sigma-Aldrich).
Cell viability assay
After 3 days of different concentrations of 5-Fu treatment, cell viability of DLD-1, DLD-1 5-FuR cells, and HCT116, HCT116 5-FuR cells was quantified by the Cell Counting Kit-8 (CCK8) assay (Dojindo Molecular Technologies, Kyushu Island, Japan), as described manufacturers' instructions. We used the 450 nm wavelength on the microplate reader to measure the absorbance. Three independent experiments in triplicate ensured repeatability of results
Enzyme-linked immunosorbent assay
Cytokine analysis was performed on specific patient's serum or cell culture supernatants 7 Korean Cancer Association This article is protected by copyright. All rights reserved. using human CXCL-13 enzyme-linked immunosorbent assay (ELISA) kits (Elabscience, Wuhan, China) according to the manufacturers' instructions. Each sample was duplicated.
siRNA interference
CXCL-13 siRNA and siRNA as control were purchased from Thermo Fisher Scientific (Carlsbad, CA). siRNA transfected cells by Lipofectamine 2000 Transfection Reagent (Thermo Fisher Scientific) as described manufacturers' instructions. Cells were treated with the indicated agents for analyses 24 or 48 hours after siRNA transfection.
Immunohistochemistry
For paraffin tissue sections, after deparaffinized in xylene and hydrated with ethanol solutions, epitope retrieval was performed by boiling the de-paraffinized sections at 95-100°C for 20 minutes in Tris-EDTA buffer (pH 9.0). In order to quench endogenous peroxidase activity, slides were incubated with 3% hydrogen peroxide in methanol solution for 10 minutes.
Nonspecific bindings were blocked by treating slides with blocking buffers which include some percentage of normal serum, non-fat dry milk, bovine serum albumin for 20 minutes. CXCL-13 1:20 antibody was co-incubated at 4°C for 1 hour and the second antibody was co-incubation at room temperature for 30 minutes. DAB staining was using DAB Kit (Shanghai Gene, Shanghai, China) according to the manufacturer's instructions. Hematoxylin was used to counterstain the slides.
Patients
Serum samples were obtained from CRC patients from 2008 to 2018 and stored at the Key
Laboratory of Biotherapy of Zhejiang province, Sir Run Run Shaw Hospital, School of Korean Cancer Association
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Medicine, Zhejiang University. The histological types, disease stages, and cancer cell contents in each case were examined by experienced pathologists. The treatment experienced by the patients included laparoscopic anterior resection, abdominoperineal resection and resection of the left or right colon followed by 5-Fu-based chemotherapy. The OS and the DFS were calculated strictly in accordance with the definition of World Health Organization. According to our definition of 5-Fu responses, 5-Fu-sensitive was described as patients who have a total response to 5-Fu-based therapy and no recurrence in six months, whereas 5-Fu-resistance means patients who had the recurrence occur in six months of completing 5-Fu-based therapy.
Animal experiments
Four weeks old female BALB-c-nu nude mice were purchased from SiBeiFu Biotechnology process and display data. Mean±SD is the way we used to present data from three independent experiments tested in triplicates. The One-Sample Kolmogorov-Smirnov test was used to test whether the experimental data were consistent with the normal distribution. If it were, we used the independent sample t test to analyze the data. If not, we used nonparametric test. The differences in survival curves were tested by the log-rank test or Cox regression. Data were analyzed by two-tailed analysis. p-values less than 0.05 were considered statistically significant.
Ethical statement
For the clinical specimens and animals used in the experiment, we passed the approval of the local ethics committee (IRB No. 20140213-19).
Results

CXCL-13 elevated in 5-Fu-resistant CRC cell
We obtained 5-Fu-resistant CRC cells by continuously increasing the concentration of 5-Fu in the culture solution [22] . Thence, starting with two 5-fu sensitive CRC cell lines (DLD-1 and HCT116 cells), we gained two sub-cell lines, called DLD-1 5-FuR and HCT116 5-FuR. Subsequent analysis of cell activity prompted that the 50% inhibitory concentration (IC50) of 5-Fu for DLD-1 5-FuR was increased by 13-fold and IC50 of 5-Fu for HCT116 5-FuR by 4-fold ( Fig. 1A and B ).
Since previous studies have pointed to a close relationship between tumor resistance and cytokines [9, 23, 24] , we suspected that there are some special secreted factors in cell culture medium of DLD-1 5-FuR cells that lead to 5-Fu resistance. In order to verify this conjecture, we used DLD-1 5-FuR cells' culture medium to culture DLD-1 cells and were surprised to find 10 Korean Cancer Association This article is protected by copyright. All rights reserved. that, DLD-1 cells co-cultured in the CM from DLD-1 5-FuR showed stronger resistance to 5-Fu compared to DLD-1 cells cultured in the original medium (Fig. 1C) , indicating that some secreted cytokines from DLD-1 5-FuR cells caused the 5-Fu resistance of DLD-1 cells. In addition, we repeated this experiment in HCT116 and HCT116 5-FuR cells and obtained similar results (Fig. 1D) .
To determine which cytokines in the CM from DLD-1 5-FuR cells that result in CRC cells resist to 5-Fu, we used a cytokine array to measure the levels of various cytokines levels in the CM of DLD-1 and DLD-1 5-FuR cells. The result showed that some cytokines (Eotaxin, Fit-3
Ligand, CXCL-13, IGFB1, etc.) in the CM of DLD-1 5-FuR cells changed dramatically, compared to its control cells. The semi-quantitative results of cytokines are shown in Fig. 1E .
We found that CXCL-13 may be the most likely cytokine that causes CRC cells to resist to 5-Fu drug. Secreted CXCL-13 proteins levels by ELISA of our detection in sensitive and its resistant CRC cells make clear that the concentration of secreted CXCL-13 proteins significantly elevated in both resistant CRC cell lines than that cultured in supernatant of cell culture of non-resistant cell lines (Fig. 1F ).
CXCL-13 is elevated in 5-Fu-resistant CRC patient and predicts clinical outcomes
In order to confirm and clarify the character of the CXCL-13 in 5-Fu resist CRC patients, the serum levels of CXCL-13 in patients of 5-Fu sensitive (n=9) and 5-Fu-resistant (n=9) were assessed using ELISA. All patient information is detailed in Table 1 . Compared with the patients of 5-Fu sensitive (mean, 16.83 pg/mL), CXCL-13 was highly expressed in the patients of 5-Fu-resistant (mean, 268.97 pg/mL) ( Fig. 2A) . The mean expression level of CXCL-13 in 5-Furesistant patients was 16 times of that in 5-Fu sensitive patients.
To evaluate the prognostic significance of the serum CXCL-13 levels, we tested the serum Korean Cancer Association This article is protected by copyright. All rights reserved.
levels of CXCL-13 in a group of CRC patients and followed up their prognosis. Their information is detailed in Table 2 . In all of the enrolled 64 patients with CRC, they received treatment according to the guidelines and completed more than 40 months of follow-up, most of which exceeded 60 months. We used serum CXCL-13 cut-off value 118 pg/mL to categorize patients as high expression of CXCL-13 (n=39) and low expression of CXCL-13 (n=25) groups.
Our results indicate the expression level of CXCL-13 in serum is importantly related to OS and DFS of patients with CRC. More specifically, the group of high expression of CXCL-13 shows worse prognosis results from OS or DFS perspective than the low expression group (Fig. 2B and C). It is showed that there is a negative correlation between the expression of CXCL-13 in serum and the prognosis of patients with CRC after 5-Fu drug treatment.
CXCL-13-mediated autocrine mechanism promotes 5-Fu resistance in CRC cancer cells
The above experimental results indicated that CXCL-13 might be a key cytokine contributing to CRC cell resistance to 5-Fu. So we designed gain of function experiments and loss of function experiments to prove our conjecture. We first tested whether the addition of recombinant CXCL-13 to the culture supernatant increased the 5-Fu resistance of DLD-1 and HCT116 cells. Indeed, when recombinant CXCL-13 was added to the culture supernatant of DLD-1 and HCT116 cells, the IC50 of the two cells is observably improved (Fig. 3A and B) . 
5-Fu treatment induces CXCL-13 secretion in vivo
In recent years, PDX models have developed translational medical research in the field of oncology for they retain the major histological and genetic features of their donor tumors. In a nutshell, it inoculates primary tumor tumors obtained from patients into immunodeficient mice.
As a consequence, PDX models are widely used in biomarker development, drug evaluation, patient medication guidance, and metastasis study.
In order to further detect whether the tumor tissue will also cause an increase in CXCL-13 due to a similar response to 5-Fu in vivo, we constructed a PDX model with a tumor from a colon cancer patient who had not used 5-Fu ever, and subsequent chemotherapy showed that the tumor was sensitive to 5-Fu. When tumors reached a volume of ≥1,000 mm 3 (about 2 weeks later), we treated xenograft tumor with a dose of 30 mg/kg twice a week via intraperitoneal injection for 4 weeks. After weekly drug treatment, the blood of the mice took around the eyelids was used to analyze the expression of cytokines. Seven days after the last treatment, tumor tissue is collected to analyze the expression of CXCL-13. The research process is briefly summarized in Fig. 5A . Korean Cancer Association This article is protected by copyright. All rights reserved.
of attention for its important role in attracting tumor cells spreading to these sites and promoting bad clinical outcomes [17, 27, 28] . Zhu et al. study showed CXCL-13 promoted colon cancer cells growth and migration via activating the PI3K/AKT pathway. Furthermore, CXCL-13
promoted MMP-13 expression and secretion [29] . Qi et al. research results showed the expression of CXCL-13 and CXCR5 were noticeably increased in CRC tissues compared with adjacent cancer cells, which was more apparent in tumors with higher tumor staging (≥T3) [27] .However, Waldner et al. found the number and the size of intestinal tumors in CXCR5knockout mice were noticeably reduced, and the number of infiltrated B cells in the tumor was found to increase by a large margin compared with that of control group. In contrast, mice treated with CXCL-13-overexpressing MC38 cells showed lower tumor growth rates and sizes [30] . It seems that CXCL-13-CXCR5 axis may target tumor by recruiting B lymphocytes, and is essential in the anti-tumor immune response of tumor microenvironment in CRC. The above evidence suggests that CXCL-13 may be a potential target in CRC therapy.
What counts is this new molecular mechanism of CRC not sensitive to 5-Fu was verified by our clinical findings. For the detection of CXCL-13 in the serum of patients who are not sensitive to 5-Fu, its content is much higher than that of the counterpart. This result is consistent with the study's conclusion of Qi et al. [27] . Thus, patients with elevated CXCL-13 are more likely to show resistance to 5-Fu and patients with this feature suggest a worse prognosis (including OS and DFS) following 5-Fu-based therapy. Although we have controlled the patients' age, gender, underlying condition, and pathological type of the tumor, there are still some differences in the patient's baseline. As we collect more cases for analysis in the future, we will further balance the situation between the groups and try to discover the relationship between CXCL-13 and other clinical features.
As a hotspot tool for tumor research in recent years, PDX model also plays an important role Korean Cancer Association This article is protected by copyright. All rights reserved.
in the study of tumor resistance. In this study, we used the PDX model to reconstruct the in vivo performance of tumors after 5-Fu treatment. Consistent with the cell experiment, the tumor showed a higher level of CXCL-13 under continuous 5-Fu treatment, both in serum and in tissue.
The above experimental results strongly demonstrate that the high expression of CXCL-13 is closely related to tumors stimulated by 5-Fu. In subsequent experiments, the PDX model could also be used to explore a range of mechanisms and potential therapeutic targets for CXCL-13
leading to tumor resistance.
The discovery of CXCL-13 autocrine mechanism induces tumor resistance to 5-Fu is an exciting thing. Since 5-Fu treatment stimulates the secretion of CXCL-13, then we have more reasons to believe that joint use of a 5-Fu drug and an agent targeting CXCL-13 could prevent or delay the emergence of CRC cell resistance to the 5-Fu during the during chemotherapy.
Perhaps we can detect the level of CXCL-13 in the serum of chemotherapy patients, find patients with 5-Fu resistance as soon as possible, and take active treatment measures. However, our hypothesis must be confirmed by more experimental results and clinical trials.
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